Problem: Gestational Diabetes Mellitus is associated with the disorder in calcium homeostasis.
on the population studied and the diagnostic tests employed [1] .
The most common result of GDM is macrosomia, which increases in several adverse outcomes during birth, such as shoulder dystocia, perineal lacerations, blood loss, and increased caesarean birth. GDM also increases the risk of glucose metabolism disorders and type 2 diabetes in later life of the mother and the newborn [2] .
GDM is a form of type 2 DM, in which a decrease of insulin secretion occurs by the pancreas in response to meals. During the second half of the pregnancy, glucose levels and insulin resistance increase, in part, as a result of diabetogenic hormones [3] . Insulin secretion is a calcium-dependent process [4] ; therefore, alterations in calcium flux can have adverse effects on cell secretory function. Calcium is essential for insulin-mediated intracellular processes in insulin-responsive tissues such as skeletal muscle and adipose tissue [5] [6] [7] , with a very narrow range of intracellular cytosolic calcium [Ca 2+ ] i needed for optimal insulin-mediated functions [8] . Changes in [Ca 2+ ] i in primary insulin target tissues may contribute to peripheral insulin resistance via impaired insulin signal transduction leading to decreased glucose transporter-4 activity [7] .
GDM is associated with the disorder in calcium homeostasis and reduced skeletal muscle oxidative phosphorylation [9] . During pregnancy, requirement for calcium is increased; hence insufficient nutritional status might increase the risk of GDM. Calcium supplementation might affect metabolic profiles and oxidative stress through their effects on cell cycle regulation, activation of antioxidant enzymes and suppression of parathyroid hormone (PTH) [8] . In adults at risk of type 2 diabetes, short-term supplementation with cholecalciferol improved β cell function and had a marginal effect on attenuating the rise in Hb A 1C [10] .
Longitudinal observational studies show that calcium intake was contrarily associated with incident type 2diabetes [11, 12] . Asemi et al. assessed the effect of calcium and vitamin D Co supplementation on GDM in a randomized, placebo-controlled study, and they observed calcium plus vitamin D supplementation in women with GDM had beneficial effects on their metabolic profile [13] .
Introduction
Gestational diabetes mellitus (GDM) is defined as any degree of glucose intolerance with onset or first recognition during pregnancy. The prevalence may range from 1 to 14% of all pregnancies depending
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Subjects and Methods
Subjects
A longitudinal prospective research was done during September 2010 to October 2011, on 1,033 childbearing women who attended the prenatal clinics of Medical University Hospitals in Tehran city/ Iran. In 24-28 weeks of gestation, Glucose Challenge Test (GCT) were performed during the first working hours of the day, regardless of the time of the subject's last meal. All subjects with an abnormal GCT (blood glucose level of ≥ 140 mg/dl in one hour after 50-g glucose consumption) underwent 3-h 100-g Oral Glucose Tolerance Test (OGTT) which was classified according to the Carpenter and Coustan criteria for GDM. The OGTT was carried out by the subject in a sitting position after an overnight fasting of 8-14 h, while she was on an unrestricted diet and physical activity for at least 3 days. In 3-h 100-g oral GTT, after consumption of 100-g glucose, blood glucose levels were measured in the subsequent 3 hours. At least two of the four plasma glucose concentrations had to be abnormal for diagnosis of GDM (normal values, fasting < 95 mg/dl; 1 h < 180 mg/dl; 2 h < 155 mg/dl; and 3 h < 140 mg/dl). If only one of the four values was raised, a 3-h 100-g oral GTT was repeated at 32 weeks of pregnancy [2] .
Inclusion criteria
• 
Food Frequency Questionnaire (FFQ)
Information on nutritional intakes of calcium in early pregnancy was obtained by using a FFQ in the first prenatal visit. This instrument was a semi quantitative food frequency questionnaire which was adapted by Malekshah [14] for simple monitoring of a regular diet over for e.g. the last month; an "ad hoc" questionnaire, designed by an expert dietitian, included a list of foods most frequently consumed in Tehran, Iran. Commonly consumed portions of each item were specified. Photographs were used to compare different portions of each item. Patients were asked to indicate how often a day and how many days a week they consumed every specific food during the past month. Data on cooking methods were also collected. The foods list completed by the expert and trained interviewer were entered into a software program (the computerized dietary analysis system Nutritionist IV, N4 Software).
Calcium supplementation
Some of participants took calcium (500 mg without vitamin D or as multivitamin) as ordered by physicians because of insufficient nutritional status of pregnant women as general in Iran and prevention of preeclampsia in high risk women. The researchers did not intervene with calcium supplementation among the study sample in means of encourage or inhibition.
Urine calcium and creatinine analyses (data measurements)
For assessment of maternal urine calcium creatinine ratio in 14-24 weeks of pregnancy, a 1.5 cc fasting urine sample was obtained from all participants. The oCPC method used for calculating urine calcium. This Calcium oCPC procedure is based on calcium ions (Ca2 + ) reacting with o-cresolphthalein complexion in an alkaline solution to form an intense violet colored complex which maximally absorbs at 577 nm [15, 16] . 8-Hydroxyquinoline is added to remove interference by magnesium and iron [17] . In this method the absorbance of the Ca-oCPC complex is measured bichromatically at 570/660 nm. The resulting increase in absorbance of the reaction mixture is directly proportional to the calcium concentration in the sample.
Determination of urine creatinine is carried out by Jaffe method. In 1886, Jaffe reported a reaction of creatinine and picric acid in an alkaline medium forming complex having absorbance maxima at 520 nm. The reaction has been brought to use for the measurement of creatinine by Folin and Wu in 1919. Since then, Jaffe's reaction has been used [18] . Few biochemical markers have reflected calcium status. Fasting urinary calcium: creatinine ratios may hold promise as an easy, inexpensive method to indicate recent calcium status; therefore this method was applied in our study [19] . 
Statistical analysis
Nutritional data in the N4 Software were transferred to the SPSS Software version 11.5 for Windows (SPSS, Inc., Chicago, IL). The results were presented as mean (SD). Comparisons between groups were performed using Mann-Whitney, chi-square, and multiple logistic regression tests.
Ethics
Ethical approval for this study was obtained from the Ethics Committee of Tarbiat Modares University that corroborated its ethical considerations throughout the study process. The purpose of the study was explained to all the participants, and then, the informed written consent was taken from them.
Results
The mean (SD) of maternal age was 26.78 (4.4) years and 566 (54.8%) of percipients have normal BMI. A total of 361 patients (34.94) underwent a 3-h 100-g OGTT. Of these 361 patients, 72 were found to have GDM according to the Carpenter and Coustan criteria [2] . The overall incidence of GDM was found to be 6.96 %. Demographic and reproductive characteristics of participants are shown in Table 1 . The mean of fasting blood sugar was significantly higher in women with gestational diabetes (93.8 ± 14.8) in comparison with normal women (83.9 ± 9.1).
On the basis of the questionnaire completed at the first prenatal visit, the mean (SD) of daily calcium intake from food for all the participants were 1004.06 (542.78) µg/dl. Maternal urine calcium creatinine ratio and dietary daily intakes of calcium in the diabetic group and normal women are shown in Table 2 .
There was a significant adverse relationship between urine calcium creatinine ratio and GDM. Regarding the recommended dietary allowance (RDA), daily dietary intake of calcium for childbearing women is 1000 mg [20] . According to RDA, in present study 623(60.3%) of all childbearing women have insufficient nutritional intakes of calcium, 582(60.56%) of normal group and 4 (5.55%) of GDM group. In this respect, there were no statistical differences between groups. Table 2 shows maternal consumption of calcium supplement (500mg calcium) was significantly related to the GDM. However, the results remained unchanged after using the regression model for adjustment of potential risk factors and background characteristics such as age, pre pregnancy BMI, educational level, number of pregnancies, passive smoking, history of gestational diabetes, a history of family diabetes, urine calcium creatinine ratio, nutritional intake of calcium consumption of calcium supplement, and deficient dietary calcium (Table 3 ). Figure 1 shows the ROC curve of various cutoff values of maternal urine calcium creatinine ratio in 14-24 weeks of gestation to predict gestational diabetes. The optimal cutoff value for predicting GDM was 0.021µg/dl (Figure 1 ). At this cutoff value the sensitivity, specificity, positive predictive value, and negative predictive value of urine calcium creatinine ratio were 72, 12, 15.9 and 94.1%, respectively.
Discussion
In our study, the estimated prevalence of GDM in the typical population was 6.96% (72 out of 1,033 childbearing women) which was similar to other studies in Iran and other Mediterranean childbearing women [21] . Also, we investigated the possible association between nutritional intake of calcium, calcium supplementation and maternal urine calcium creatinine ratio in 14-24 weeks of gestation and the risk of gestational diabetes mellitus. Apart from a significantly lower maternal urine calcium creatinine ratio and less consumption of calcium supplement in the gestational diabetic group, no significant difference could be noted in the case of other factors studied between normal and GDM groups. This association was independent of established GDM risk factors, such as maternal age; smoking, education, and pre pregnancy BMI; gravidity; and history of gestational and family diabetes.
The major findings made in the current study are the discovery of significant correlations between urine calcium creatinine ratio and calcium supplementation with gestational diabetes mellitus in a large, healthy population.
Insulin secretion is a calcium-dependent biological process [22] , and an elevation in calcium is required for both first-and secondphase insulin secretions [23] . Insulin resistance mainly arises from the insensitivity of liver, muscle, and/or adipose tissue to insulin [24] . Muscle is one of the major sites responsible for insulin resistance. Calcium plays a critical role in muscle contractions and in glucose uptake after insulin binds muscle cells. Furthermore, calcium influence the affinity of insulin receptor and sensitivity to insulin [25] , whereas calcium and glucagon affect the liver plasma membrane [Ca 2+ ] pump, which is thought to extrude cytosolic calcium of the cell [25] .
The regulation of blood glucose and insulin involve many hormonal and physiological factors. Consequently, when trying to reveal true associations between calcium level and any variable of interest, it is critical to exclude possible confounding factors. We resolved this by using a regression model for data analysis, and we observed significant inverse correlations of Urine calcium creatinine ration and calcium supplementation with GDM.
In randomized placebo-controlled trial which was conducted in Kashan, Iran discovered that Calcium plus vitamin D supplementation in women with GDM had beneficial effects on their metabolic profile [13] . In the large cohort of middle-aged women, found that calcium intake were inversely associated with the development of type 2 diabetes, and it's intakes from supplements rather than from diet were significantly associated with a lower risk of type 2 diabetes [12] . Rob et al. [26] in a prospective cohort study including 41,186 participants of the Black Women's Health Study without a history of diabetes, who completed validated food frequency questionnaires, found that higher calcium intake was not independently associated with risk of type 2 diabetes.
Measurement error in the assessment of dietary intakes is inevitable. We only used dietary intake assessed at baseline, which may have contributed to imprecise results because of dietary changes during follow up. Further studies of calcium and dairy intakes in relation to gestational diabetes mellitus are needed to establish whether effects are independent of other dietary and lifestyle factors.
However, similar to our founding, in the study that analyzed the Calcium signaling proteins in skeletal muscle in women with gestational diabetes, GDM was associated with reduced skeletal muscle oxidative phosphorylation and disordered calcium homeostasis [9] . In the cross sectional study, serum ionized calcium of 46 insulin treated diabetic cases were less than 44 healthy control: mean 1.16 (SD 0.04) vs. 1.21(SD 0.03) mmol/L [27] .
Guang et al. in the their study on 1,182 healthy subjects from the province of Newfoundland and Labrador, Canada, found that alteration of serum calcium homeostasis is significantly correlated with the abnormality of glucose level, insulin resistance, and -cell function [28] .
The limitations of the present study should be mentioned. With any association study, the results of the present study require confirmation in other cohorts and populations. Furthermore, because of the design and large size of the current study, we used fasting urine calcium creatinine ratio measurements in just one specimen as an indication of body calcium status instead of serum calcium measurement, which is a more precise than fasting urine calcium creatinine ratio.
However, the findings of this study suggest that calcium supplementation in pregnancy decreased the development of GDM. Another result that is very considerable for predicting GDM is the less calcium creatinine ratio in women with GDM in comparing with normal women, before 24 weeks of gestation.
